The saturation values for ribosomal RNA hybridization have been determined for DNA from diploid and polytene tissues of Drosophila melanogaster. These values have been measured in XO and XX larvae which have, respectively, one and two nucleolus organizers in the diploid chromosome set. The results show that (1) in diploid cells the ribosomal (r)DNA is present in amounts proportional to the number of nucleolus organizers, (2) in polytene cells the rDNA is under-replicated with respect to the euchromatic DNA, and (3) in polytene cells the amount of rDNA is independent of the diploid number of nucleolus organizers. These observations suggest that somatic variations in rDNA content may involve independent polytenization of the nucleolus organizer without change in the number of ribosomal cistrons per organizer. The independent polytenization of rl)NA is proposed as the chromosomal explanation for the relative increase in rDNA in flies of the XO constitution.
The chromosomes of Drosophila melanogaster, like those of most eukaryotes, contain two distinct types of chromatin, the euchromatin and the heterochromatin. The euchromatin is diffuse during interphase, is lightly staining in mitotic prophase, and contains almost all of the known genes (1) . The heterochromatin, contrastingly, remains condensed during interphase, is consequently darkly staining in mitotic prophase, and contains very few genes. In addition to these genetic and cytological distinctions, the euchromatin consists mainly of unique DNA sequences, while most of the heterochromatin in diploid cells is highly repeated satellite DNA (2) (3) (4) .
During the formation of the giant polytene chromosomes of the Drosophila salivary gland, the differences between the euchromatin and heterochromatin become even more pronounced. The euchromatic arms proceed through a series of DNA replications resulting in as many as 1024 DNA fibers (5) . The heterochromatic regions of the chromosomes, on the other hand, clump together forming the chromocenter and replicate little or not at all (2, 6) . The resulting polytene nucleus has a large increase in unique DNA, but little or no increase in the heterochromatic satellite DNA (2, 7).
In D. melanogaster the DNA that codes for ribosomal RNA is located at or near the nucleolus organizer, a region within the heterochromatin of the X and Y chromosomes (8) . The ribosomal cistrons are repeated about 250 times in the nucleolus organizer of wild-type stocks (9) . The properties of the ribosomal (r)DNA are quite different from those of the heterochromatic DNA that surrounds it. For instance, the rDNA is genetically active, transcribing rRNA and forming a prominent nucleolus in both diploid and polytene tissues. Unlike the satellite DNA, the rDNA replicates during the formation of polytene tissue. This has been demonstrated by thymidine incorporation in D. melanogaster (10, 28) , and by rRNA hybridization to DNA from salivary glands of D. hydei (11, 12) , Sciara (13) , and Rhynchosciara (14) .
Because the rDNA in polytene nuclei is near the nonreplicating heterochromatin, we felt that it might show unusual replicative properties in these cells. We have examined the rDNA content of diploid and polytene cells of XO and XX larvae. In diploid DNA we found that, as expected, the amount of rDNA was in proportion to the number of nucleolus organizers. However, the rDNA content of polytene cells is not only lower than expected, as previously reported by Hennig and Meer (12) , but it is also independent of the number of nucleolus organizers in the zygote. We have concluded that the rDNA in polytene chromosomes is under different replicative control than either the euchromatic DNA or the heterochromatic DNA. In addition, this control is at the individual cell level. Some of these results have been reported in abstract form (15 14C-Labeled Drosophila DNA extracted from cultured cells was included with every set of filters as a control. This DNA hybridized to a level of 0.30% with rRNA. As a check for nonspecific binding of RNA, hybridization was also performed with blank filters, with Micrococcus DNA, and with the Drosophila DNA solution that had been digested with 100 ,ug of DNase per ml at 25°for 1 hr. In no case was there binding of RNA to the filters.
RESULTS
Since the XO diploid cells have one nucleolus organizer, while XX diploid cells have two, the percent of rDNA in XO and XX diploid DNA should also be in a ratio of one to two. The results ( Fig. 1 and Table 1 ) approach this predicted ratio.
In the Oregon R strain the rDNA content is 0.26% for XO and 0.47% for XX, and in the Urbana S strain the amounts are 0.24% for XO and 0.37% for XX.
To test for independent replication of rDNA, we have also measured the rRNA hybridization levels of DNA from polytene tissues. This has been done for both XO and XX larvae in the two D. melanogaster strains. Hybridization of rRNA to these DNAs allows two separate tests: a comparison of polytene rDNA replication with polytene euchromatic DNA replication, and a comparison of polytene rDNA replication in cells starting with one nucleolus organizer (XO) with polytene rDNA replication in cells starting with two nucleolus organizers (XX). The results in Table 1 and Fig. 1 indicate that the polytene rDNA is under-replicated with respect to the euchromatic DNA, and that the final level of replication is independent of the number of sex chromosomes.
In wild-type female larvae, the amount of rDNA in total DNA for diploid cells is about 0.47% for Oregon R and 0.37%
for Urbana S. The rDNA content of DNA from the polytene salivary glands is reduced considerably, to about 0.08% for both strains. A reduced level of rDNA in the salivary gland compared to other tissues has been demonstrated previously in Drosophila hydei (12) and in Rhynchosciara (14) . There is also a reduction of rDNA in D. melanogaster larvae as compared to adults (19) . In polytene chromosome formation, the degree of replication of rDNA is intermediate between those of the euchromatic DNA and the heterochromatic DNA. In a fully developed polytene nucleus with 1024 strands in the euchromatic arms (5) The XO polytene DNA content is exactly twice the amount expected from the original number of nucleolus organizers. The DNA from diploid tissues, on the other hand, has percentages directly proportional to the number of nucleolus organizer regions: the XO DNA has half as much rDNA as XX DNA. The relationship of XO to XX rDNA hybridization data for both diploid and polytene DNA is shown in Fig. 1 . Because of the disproportional rDNA synthesis, the degree of rDNA under-replication in polytene cells is less extreme in XO cells than in XX. For both stocks, the XO diploid rDNA content was slightly above 0.5 times that of the XX. This may be due to a small number of polytene and polyploid cells in the brain. It is also interesting to note that the amounts of rDNA in Oregon R and Urbana S polytene cells are the same, despite the differences in their diploid values.
DISCUSSION
These results demonstrate three features of ribosomal DNA in D. melanogaster: (1) in diploid tissue the amount of rDNA is in proportion to the number of nucleolus organizers, (2) in polytene cells rDNA replicates, but not to the same extent as the euchromatic DNA, and (3) in polytene cells the extent of rDNA replication is not dependent on the starting number of nucleolus organizers. These facts bear upon our understanding of both polytene chromosome organization and the analysis of rDNA in Drosophila.
The DNA in polytene chromosomes is divided into three classes according to the extent of replication, and each class is associated with a different type of chromosome structure. First, the euchromatic DNA, which forms the chromosome arms, replicates in a geometric series. This replication may continue for up to nine doublings of the DNA, resulting in 1024 DNA strands (5) . The second type of DNA is that found in the heterochromatin. It consists largely of repetitive satellite DNA (2) (3) (4) 7) . This DNA replicates very little or possibly not at all (2, 6) . The third type of DNA is the content of XO and XX salivary gland DNA is about 0.08%. rDNA, located in the nucleolus. This DNA does replicate, but not to the same extent as the euchromatic DNA. These three types of DNA are under separate replicative control, and are apparently independent of each other to a certain extent.
Of particular interest is the independence of polytene rDNA synthesis, not only from the other DNA fractions in the nucleus, but also from the genotype of the fly. In the experiments reported here, the XO polytene cells, which have arisen from cells with only one nucleolus organizer, have undergone additional rDNA replication until, in the late thirdlarval instar, they have as many ribosomal genes as the XX cells. A comparable case occurs in oocytes of mutant Xenopus that have only one nucleolus organizer instead of the usual two. Despite the lack of one of the nucleolus organizers, these oocytes amplify rDNA to the same level as the wild type (20, 21) .
Although the rDNA in XO individuals compensates during the polytenization process, it should be noted that the X-chromosome as a whole does not (22) . Thus, in the male there is only one X chromosome, and when this polytenizes it possesses only half the number of strands present in each of the synapsed autosome pairs. In the female the two X chromosomes are paired in the polytene nuclei and together they have a number of strands equal to that of an autosome pair.
The mechanism of rDNA regulation in XO polytene cells is not clear at this time. We suggest that the disproportional rDNA synthesis is best viewed as a differential polytenization of the entire nucleolus organizer region, as shown in Fig. 2 . In such a scheme rDNA increase occurs by successive doublings of a nucleolus organizer with a fixed number of cistrons. It is not necessary to postulate variations in the number of tandemly repeated ribosomal cistrons within each organizer. Whether one regards such rDNA replication in polytene nuclei as extrachromosomal or not would seem a matter of definition, depending upon how one regards the tenuous connections between the rDNA and the rest of the chromosome.
The demonstration of independent rDNA replication in polytene cells influences the interpretation of earlier data on the amount of rDNA in whole flies. This is especially true for the increase in rDNA multiplicity observed by Tartof (23, 24) . He found that whole adult XO flies had 0.8 times the rDNA percentage of XX flies. This was interpreted as an increase in the number of ribosomal genes per nucleolus organizer. Our data indicate, however, that diploid tissues do not show this differential gene multiplicity, but have more nearly the expected 1: 2 ratio of rDNA between XO and XX individuals.
We suggest that the relative rDNA increase in XO flies does not result from a change in the number of genes per nucleolus organizer, but rather from an increase in the number of nucleolus organizer copies in polytene or polyploid cells. There is evidence for the presence of polytene chromosomes in Drosophila adults (25) . The rDNA increase in XO flies observed by Tartof could result from independent polytenization of rDNA in those adult tissues that have polytene cells.
Although this explanation for rDNA variability is not unequivocal, our results from diploid DNA limit the possible alternatives. Since in diploid tissues the XO: XX ratio of rDNA content is 1: 2, directly proportional to the number of nucleolus organizers, the XO rDNA increase is not a feature genes is therefore not fixed in the gametes or in early embryogenesis, but must occur in differentiated cells later in development. The simplest explanation is that the cells that compensate are those whose chromosome structure allows independent polyteny of the rDNA.
At this point it is important to make a distinction between the purely somatic phenomenon reported by Tartof and the inherited rDNA increase described by Ritossa under the name "magnification" (26, 27) . Magnification involves the bobbed mutations, which are partial deficiencies for the rDNA. Under certain well-defined conditions bobbed stocks revert to the wild type over a period of 3-4 generations, and the phenotypic reversion is accompanied by a return to wild-type rDNA content. In this case there does seem to be a real change in the number of ribosomal cistrons in the germ-line chromosomes. Independent polytenization of rDNA that occurs in somatic cells may be used as a reasonable explanation for noninherited rDNA increase. However, since polytenization does not occur in the germ line, independent polytenization of rDNA cannot explain magnification. In the whole fly, with its variety of cell types, both somatic rDNA variation and magnification may be present simultaneously. Nucleic acid hybridization on DNA from whole flies measures only the total amount of rDNA present. However, measurements on selected tissues with defined chromosome types, as we have presented here, provide a means for differentiating those rDNA variations due to somatic regulation and those due to magnification.
